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The disclosure herein describes an intense 
forage conditioning machine that includes: a mower, 
either a cutter bar or disks, perpendicular to the 
direction of travel for cutting fresh forage off the 
ground to leave a stubble; a conveying unit to move the 
cut forage; a macerating unit composed of a series of 
grooved rolls rotating at different speeds to severely 
condition the conveyed cut forage; and a double track 
pressing unit to compress the macerated forage and to 
deposit the resulting thin mat on the stubble. 
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FORAGE CONDITIONING MACHINE 

Abstract of tha Disclosure 

The disclosure herein describes an intense forage conditioning 
machine that includes: a mower, either a cutter bar or disks, perpendicular 

5 to the direction of travel for cutting fresh forage off the ground to leave a 
stubble; a conveying unit to move the cut forage; a macerating unit 
composed of a series of grooved rolls rotating at different speeds to 
severely condition the conveyed cut forage; and a double track pressing unit 
to compress the macerated forage and to deposit the resulting thin mat on 

10 the stubble. 
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FORAGE CONDITIONING MACHINE 

HELP OF THE INVENTION 

The present invention relates to an intense forage conditioning 
machine that simultaneously mows the crop and conditions it through 
5 macerating rolls. 

BACKGROUND OF THE INVENTION 

U.S. Patent No. 4,265,076 to Krutz describes a machine that 
macerates forage with two serrated rolls and forms a continuous mat with 
two compression rolls. The residence time of forage between two rolls 

10 during maceration and two other rolls during compression is relatively short, 
and makes it difficult to obtain very severe conditioning and a uniform mat. 
Moreover, there is no provision to recuperate juice when it flows out from 
very wet forage at the compression stage. 

U.S. Patent No. 4,332,125 to Holdren describes a machine that 

15 makes discontinuous mats of macerated forage. The main problem with this 
design is that it accumulates forage on a compression belt until enough 
material is prepared in a rectangular mat. Under modern operating 
conditions of high yield and high feed rate, it appears preferable to deposit 
the macerated forage rapidly and continuously to avoid any plugging. 

20 U.S. Patent No. 5,036,652 to Schmittbetz and Liebers 

describes a machine that macerates forage between multiple planetary 
grooved rolls and compresses the mat between two rolls. The main 
difference between this machine and the above mentioned Krutz patent is 
the macerating roll configuration. 

25 Savoie and coworkers (1991, ASAE paper 91-1578, St. 

Joseph, MI; 1993, Transactions of the ASAE 36<2):285-291) describe an 
experimental unit with a 2.1 m wide cutter bar, eight 1 .5 m wide macerating 
rolls and a 1.2 m wide double-belt press. Maceration was adequate but the 
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machine was bulky and complex. The two rubber belts were subject to high 
lateral forces under variable yield and moisture and sometimes deposited 
thick clumps of forage Instead of a uniformly thin mat. 

Technical report no 13.93 dated June 1993 from Deuti Fahr 
5 Company (Kodelstrasse 1, Lauingen, Germany, D89415) describes a 2.8 m 
wide disk mower, 8-roll maceration system and 8-roll compression unit with 
additional intermediate components (eight rolls and two belts) to even out 
material flow. Such a machine is not likely to handle large feed rates which 
would cause plugging In the intermediate components. 

10 U.S. Patent No. 5,152,127 to Koegel and co-workers describes 

a machine that mows and macerates forage by impact. The machine 
requires upward acceleration of the mowed forage to reach the impact roll. 
This may limit the use of impact roll maceration to flail mowers. 

Commercial literature dated January 1994 from Krone Company 

15 (P.O. Box 1163, Spelle, Germany, D-48478) describes a machine with a 
hammer roll for intensive forage conditioning. However, the hammer roll 
conditioning machine is a separate unit that picks up an already mowed 
swath and is therefore not integrated with a mower. The machine does not 
have any provision for forming compressed mats. 

20 While there have been several attempts to improve forage 

drying with intensive conditioning, none has successfully handled large feed 
rates and produced well-formed macerated continuous swaths or mats. It is 
also important that the intensive conditioning system be integrated in a 
single machine that includes a mowing mechanism. 

25 STATEMENT OF THE INVENTION 

The present invention pertains to a machine, called an intensive 
conditioner or superconditioner, that simultaneously mows fresh forage and 
macerates the crop. 
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According to the Invention there is provided a forage mowing 
and macerating machine comprising: 

a machine frame having ground wheels for transportation of the 
frame across the ground carrying a forage crop to be harvested; 
5 a header mounted on the machine frame having a mowing 

means across a front edge thereof for cutting a standing crop of a forage 
material and crop delivery means for transporting the cut crop laterally of 
the header to a collection area; 

and a crop macerating assembly mounted on the machine 
10 frame for receiving the cut crop from the collection area for macerating the 
cut crop; 

the macerating assembly comprising at least three roller means 
so as to define a first, second and third roller means, means mounting the 
roller means each for rotation about its own longitudinal axis with the axes 
15 parallel and the roller means axially aligned; 

said mounting means being arranged such that the first, second 
and third roller means have the axes thereof located substantially at three 
apexes of a triangle and so as to define a first nip between the first roller 
means and the second roller means, and a second nip between the second 
20 roller means and the third roller means, each nip for receiving the crop 
material passing therebetween; 

at least the second and third roller means comprising a 
generally cylindrical rigid body having a series of axially extending grooves 
therealong for engaging and grasping the crop material passing through the 
25 nips; 

and means for driving the roller means such that the first roller 
means rotates at a first speed, the second roller means rotates at a second 
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speed greater than the first speed and the third roller means rotates at a 
third speed greater than the first speed and different from the second speed. 

Other objects and further scope of applicability of the present 
invention will become apparent from the detailed description given 
5 hereinafter. It should be understood, however, that this detailed 
description, while indicating preferred embodiments of the invention, is 
given by way of illustration only, since various changes and modifications 
within the spirit and scope of the invention will become apparent to those 
skilled in the art. 
10 BRIEF DESCRIPTION OF THE DRAWINGS 

Figure 1 is a schematic side view of an intensive forage 
conditioning machine made in accordance with the present invention, using 
a pull-type disk mower. 

Figure 2 is a schematic side view of the intensive forage 
15 conditioning machine of the present invention, using a pull-type cutter bar 
mower. 

Figure 3 is a side view of the machine shown in Figure 2, 
adapted to and mounted on a self-propelled tractor-mower unit. 

Figure 4 is a top view of the machine shown in Figure 1 with 
20 parts removed for clarity. 

Figure 5 is a schematic side view showing details of the 
macerating unit. 

Figure 6 is a schematic side view showing details of the 
pressing unit. 

25 Figure 7 is a view similar to Figure 6, showing the pressing unit 

in a compression mode. 

Figures 8a and 8b show top and side views of a plastic slat 
with furrows. 
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Figure 9a is a schematic side view of the pressure plates and 
the counter pressure plate while Figure 9b is a top view of the pressure 
plate and Figure 9c is a bottom view of the counter pressure plate. 

Figure 10 illustrates a simplified configuration of the pull-type 
5 disk mower-superconditioner. 

Figure 11 illustrates a simplified configuration of the self- 
propelled mower-superconditioner. 

Figure 12 is a side elevational view of the configuration of 
figure 11 on an enlarged scale showing the drive arrangement which obtains 
10 the differential speeds of the rollers. 

Figure 13 is a cross-sectional view through two of the rollers at 
the nip therebetween showing the cooperation with the crop material. 
DESCRIPTIO N Q F THE INVENTION 

A first component of the forage conditioning machine of the 
15 present invention is the mowing mechanism. Referring to Figure 1, it 
consists of a disk mower 1 . The freshly cut forage is pulled away by two 
feeding rolls 2 and 3 that mix the crop and provide an even flow of forage 
to the macerating rolls. The upper feeding roll 2 turns counterclockwise 
while the bottom feeding roll 3 turns clockwise. On some mowers, 
20 additional feeding components, like a reel 16 and an auger 17 (see Figure 2) 
may be necessary to convey material from the mower to the feeding rolls 2' 
and 3\ 

A second component of the conditioning machine is the 
macerating unit composed of a series of grooved rolls 4, 5, 6 and 7 of equal 
25 diameter placed in a staggered sequence. Each macerating roll is made out 
of hollow steel and is grooved on its outer surface with longitudinal grooves 
along the axis of the roll. Preferably, there are approximately 3 grooves per 
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cm (pitch equal to 3.2 mm or 0.125 inch); the depth of each groove is 1.5 
mm (0.059 inch). 

The two upper macerating rolls 4 and 6 turn counterclockwise 
(at about 2000 rpm) while the two lower rolls 5 and 7 turn clockwise (at 
5 about 1000 rpm). The speed ratio between the upper and lower macerating 
rolls is preferably in the range of 1.5 to 2.5. A higher ratio close to 2.5 is 
recommended when less than four rolls are used. The freshly cut crop is 
pulled aggressively and macerated at the three interfaces between the upper 
and lower macerating rolls. The macerated forage is projected slightly 

10 upward out of the last two rolls 6 and 7 and into a press unit. At the exit of 
the macerating rolls, a deflector 8 made of curved metal sheet extends over 
the width of the macerating rolls and two vertical metallic plates 18 and 19 
(see Figure 4) are disposed at each end of the macerating unit. The plates 
may pivot inwards to reduce the feeding width of the crop to the pressing 

15 unit. This is useful when the crop yield is light so that enough material will 
be compressed into a cohesive mat. 

A third component of the conditioning machine is the press 
unit. It is composed of an endless lower track 9 and an endless upper track 
10 that can squeeze the macerated forage into a thin mat. Adjustable 

20 pressure plates 11,12 and 1 3 are located within the upper track to apply 
the desired pressure against the tracks. A fixed counter pressure plate 14 is 
located within the lower track to prevent sag when pressure is applied 
vertically downward against the two tracks to squeeze the forage into a thin 
mat. The macerated forage is first ejected on the upper side of the bottom 

25 track 9 that moves clockwise. The upper track 10 moves counterclockwise 
against the bottom track. The compression time depends on the length of 
contact between the two tracks and the forward speed. Both tracks move 
at equal speed; the track speed is approximately equal to the tractor ground 



speed. Thus, the compressed mat falls on the stubble at a relative speed of 
zero which minimizes losses. 

Figure 2 illustrates an intensive forage conditioning device 
wherein the mowing component is a pull-type cutter bar mower 15. All of 
5 the other components are similar to those of Figure 1, except that the 
feeding rolls 2' and 3" may be located in a position slightly different than the 
rolls 2 and 3 for the disk mower 1 or might even be removed if the mower 
feeds material evenly directly to the macerating rolls. As a consequence, 
the macerating rolls 4', 5', 6* and 7" might be positioned slightly differently 

10 to ensure proper flow and maceration of the freshly mowed forage. 

Figure 3 illustrates the intensive forage conditioning device 
adapted to a self-propelled cutter bar mower and mounted to a tractor unit 
50. The width of the macerating roll components and the width of the 
compression unit must be adapted to space limitations under the tractor 

15 unit. 

Figure 4 shows a top view of the pull-type disk mower of the 
machine of Figure 1 . The upper safety shields are not shown to illustrate 
the rotating components and the deflecting vertical plates 18 and 19. 
Similar plates are also used in a pull-type cutter bar mower to control the 

20 width of the swath or the mat. on a self-propelled cutter bar mower, 
diffusion horizontal plates can be used to spread the macerated forage if the 
macerated roll width is relatively narrow. 

Figure 5 shows in. greater detail the macerating rolls and the 
spring loading mechanism to adjust roll tension and maceration intensity. 

25 The lower macerating rolls 5 and 7 are fixed within the frame of the 
machine. The upper rolls 4 and 6 are spring-loaded with a stop plate to 
prevent them from touching the lower rolls. Four individual springs, two of 
which are illustrated as 20 and 21 , are linked by wires at each end of each 
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upper roll. They allow each upper roll to move upwards If excessive yield or 
a foreign object, such as a stone, enters the macerating unit. These springs 
reduce the wear of the macerating rolls. They can also be adjusted to 
influence the maceration intensity according to the thickness of forage going 
5 through the machine. Two pivoting shaft supports 22 and 23 allow to move 
the static position of the upper rolls and adjust the clearance between the 
macerating rolls (which is usually set at 1 mm). 

Figure 6 shows the compression system with the upper track 
10 in a raised position above the lower track 9. Each track is made of 

10 plastic slats that are riveted to three roller chains, one at each end and one 
in the center of the slats. The roller chains are activated by sprockets 24 
and 25 that are powered either by the tractive wheels on the ground or by 
other sources of power. The tracks move backward at a speed equal to the 
forward travel speed so that the relative speed is zero. The macerated 

15 forage is therefore deposited evenly and delicately on the stubble. When a 
source of power other than tractive wheels is used to drive the tracks, an 
actuator must be used to adjust track speed automatically to forward travel 
speed. 

Four pivoting arms, two of which are shown as 26 and 27, 
20 raise or lower the upper track 10 by the action of two hydraulic cylinders. 
When not in use, the upper track can be raised to release pressure. It can 
also be operated in a raised position if forage is to be macerated only and 
not compressed. The bottom track will continue to move and deposit the 
macerated forage delicately on the stubble. 
25 Figure 7 shows the compression system with the upper track 

10 in a lowered position, ready to compress macerated forage into a thin 
mat. A double idler spring loaded sprocket 28 ensures that both tracks 
continue turning in the same direction at the interface whether the upper 
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track is raised or lowered. In the lowered position, some juice may be 
expressed as the macerated forage is squeezed between tracks 9 and 10. 
The slats on the upper track 10 have cavities or furrows that fill up with 
forage juice when the two tracks squeeze the forage. When the mat is 
5 released and deposited-on the ground, the juice in the cavities or furrows 
reaches a point above the released mats and drips back on top of the mat. 
Soluble nutrients contained in the juice are therefore recuperated on the 
upper surface of the mat as the water evaporates during natural field drying. 

Figures 8a and 8b show an example of a furrowed plastic slat 

10 10a used on the upper track 10. A preferred slat is 21/2" (63 mm) wide by 
64" (1625 mm) long by 1/2" (13 mm) thick. Furrows are (6 mm) deep 
spaced 1" (25 mm) apart and at an angle of 68°. These furrows cover 
about 44% of total area, allowing for excess juice to be stored during 
compression. After compression, the juice drips back on the upper surface 

15 of the mat to retain soluble nutrients in the forage. Alternately, cavities can 
be machined in the plastic slats for the same purpose of temporarily storing 
excess juice, although furrows are easier to make. 

Figures 9a, 9b and 9c show the pressure plates 52, 54, 56 and 
the counter pressure plate 58 used to compress the tracks one against the 

20 other. The plates are made of steel protected against corrosion as forage 
juice is slightly acid. The surface of the plates must be as smooth as 
possible to minimize friction between the plates and the moving plastic slats. 
If the compression system is powered by ground driven wheels, the average 
pressure applicable is about 1 psl (8000 Pa) over a 10 ft 2 (0.9 m 2 ) area of 

25 plates at typical travel speeds of 4-6 mph (6-10 km/h) because of the limited 
amount of tractive power available. If the compression system is driven by 
the tractor engine (either hydraulically or mechanically), power is usually 
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less of a constraint and a higher pressure may be applied to obtain thinner 
mats. 

The number of macerating rolls can be less or greater than four 
although three or four rolls have been found satisfactory in providing a 
5 thorough maceration. Similarly the macerated forage does not always need 
to be compressed in a thin mat. No compression may be useful when 
forage yield is heavy and compression would actually hamper water 
evaporation from the bottom layer of the forage. No compression may also 
be satisfactory when the macerated forage is not sensitive to leaf loss 

10 during deposition on the stubble and during pickup of the dried swath. 
Under these circumstances, a simplified configuration as in Figure 10 and 
Figure 1 1 may be considered. 

In Figure 10, intensive conditioning is applied to a pull-type disk 
mower by using a single feeding roll 31 and three macerating rolls 32, 33 

15 and 34. A compression system would be optional {and is not included in 
the drawing). The heavily ribbed feeding roll 31 at the bottom is used to 
pull the freshly mowed forage upwards and to feed it through the 
macerating rolls. When the mower-macerator is used without a 
compression system, the macerated forage is ejected against a curved plate 

20 35 and drops onto the stubble as a fluffy swath. 

In Figure 11, a simplified configuration is adapted to a cutter 
bar self-propelled mower. The freshly mowed forage is fed by the 
conveying auger 36 directly to a set of three macerating rolls 37, 38 and 
39. The nip point of the first two macerating rolls 37 and 38 is located at a 

25 position below the axial center of the auger so the mowed material flows 
easily downward and backward by gravity. A short flat horizontal plate may 
be useful between the auger and the first bottom macerating roll 37 to 
ensure proper feeding. The macerated forage is ejected at the back of the 
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machine against a plate 40 that deflects and deposits a fluffy swath on the 
stubble. 

In Figure 12 is shown more detail of the drive system to the 
rollers 37, 38 and 39. More specifically the drive system includes a motor 
5 60 which provides drive to a pulley 61 driving a belt 62. The belt 62 passes 
around a pulley 63 on the roller 38 and a second pulley 64 on the roller 37. 
The belt further passes around an idler 65. The pulley 64 is of larger 
diameter than the pulley 63 so that the roller 38 is driven at a speed or 
angular velocity greater than that of the roller 37. 

10 Drive to the roller 39 is effected by a second belt 66 which 

engages around a larger pulley 67 which is mounted on a shaft 68 of the 
roller 37 outside or beyond the pulley 64 and has a diameter larger than that 
of the pulley 64. The belt 66 extends from the pulley 67 to a pulley 69 
mounted on a shaft 70 of the roller 39 and axially aligned with the pulley 

15 67. The diameter of the pulley 69 is less than that of the pulley 67 so that 
the roller 39 is driven at a higher speed than the roller 37 and, due to the 
difference in diameters of the drive pulleys, greater than the roller 38. This 
difference in roller speed provides a stretching effect on the forage as it 
passes from the first nip point to the second nip point. 

20 The roller 38 is mounted on a shaft 71 and the shafts 68, 70 

and 71 of the rollers are arranged at the apexes of a triangle. In the 
embodiment shown the rollers have the same diameter so that the triangle 
has equal sides and the spacing between each roller and the next Is 
identical. 

25 Thus the roller 37 forms a first roller of the system which is 

driven at a first slowest speed which can preferably be of the order of 1000 
RPM. The roller 38 comprises a second roller of the system which is driven 
at a faster speed than the first roller with a roll speed ratio (38 over 37) in 
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the range 1.1 to 2.5. In one example the roller 38 can therefore be driven at 
a rate of the order of 1350 RPM which gives a ratio of 1 .35. The roller 39 
forms a third roller of the system and is driven at a rate faster than roller 37 
and at a roller speed different from roller 38. In one example the roller 39 
5 can be driven at a rate of the order of 1850 RPM which is greater than the 
rate of roller 38 by a ratio of approximately 1.35. Thus the speeds of the 
rollers are arranged so that the speed increases from the first to the second 
and the speed of the third roller is different from that of the second roller, 
that is, it Is either greater or less than that of the second roller provided the 
10 speed of the third roller is greater than that of the first roller to maintain a 
stretching effect on the forage from the first nip point to the second nip 
point. 

Each of the rollers has a surface which has longitudinal grooves 
forming a knurled surface, portions of which are shown in Figure 13. Thus 

15 it will be noted that the grooves are generally V-shaped forming an apex 
between the grooves. Each groove is generally indicated at 75 with the 
apexes indicated at 76. For convenience of manufacture and to avoid 
changes during wear, the apexes are not sharp but Instead have a width of 
the order of 0.03 inches (0.8mm). Also the rollers are supported so that in 

20 a position of closest approach the rollers do not touch and the grooves do 
not intermesh but instead there is a spacing between the apexes 76 of the 
order of 0.04 inches (1mm). This arrangement of the grooves and the 
spacing allows the rollers to run at the differential speeds necessary without 
excessive wear of the surfaces of the rollers. 

25 The roller system thus forms two operating nips indicated at 80 

and 81 respectively between the first and second rollers and between the 
second and third rollers. There is a similar point of closest approach 82 
between the first and third rollers but this does not act as a nip on the 
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material since the material passes through the nips 80 and 81 and is 
prevented or inhibited from passing between the first and third rollers due to 
the fact that the roller 39 is rotating in a direction to carry the material 
upward to the nip 81 and is rotating at a speed greater than the roller 37 so 
5 that the tendency of the material is to pass from the nip 80 to the nip 81 . 

It will be noted that the first roller is positioned furthest to the 
left so that the second roller is upward and slightly rearward of the first 
roller. The third roller is downward and rearward of the second roller. In 
this way the nips form a direction of feed which is tangential to the rollers at 

10 the nip in which the first nip 80 has a direction of feed which is slightly 
downward and rearward and the second nip 81 has a direction of feed 
indicated at 84 in Figure 13 which is upward and rearward. 

The maceration on the crop material indicated at 85 in the 
second nip 81 is effected by the grasping action of the rollers on the 

15 material generated by the apexes 76 and by the fact that the velocity V1 of 
the second roller 38 is different from the velocity V2 of the third roller 39 
and the velocity of the third roller is greater than that of the first roller. This 
tends to split and break the crop stems by a stretching action to provide the 
required maceration effect as previously described. 

20 In addition the arrangement shown in Figures 11 and 12 using 

only three rollers generates a further conditioning effect besides the 
maceration effect on the crop in that each stem of the crop is engaged 
between both of the nips 80 and 81 while the third roller has an increase 
velocity relative to the first roller. In this way the increased velocity of the 

25 third roller tends to slightly stretch or tear the crop material from the roller 
37 as the crop material is carried from the nip 80 to the nip 81 . 

As the feed direction of the nip 81 is upward and rearward, 
there is provided an initial portion 40A of the guide plate 40 which is 
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located at the rear of the roller 38. Thus a front apex 40B of the guide 
surface is located closely adjacent the surface of the roller 38 and above the 
nip 81. From that position the surface 40A is curved rearwardly to a rear 
edge 40C in front of the plate 40 which is suspended from the frame of the 
5 tractor as shown in Figure 1 1 . 

On the plate 40 is provided a plurality of fins 90, 91 which are 
arranged at transversely spaced positions across the width of the guide 
plate 40 and are angled relative to the longitudinal direction of the guide 
plate 40 so as to redirect the crop material as it moves longitudinally along 

10 the guide plate 40 so as to increase or decrease the width of the swath 
formed, in accordance with requirements. 

The shafts 68, 70 and 71 are mounted in bearings carried in 
end plates 93, one of which is shown in Figure 12. The bearings are 
indicated at B. The bearing of the roller 38 is mounted in a pivot plate 94 

15 carried on a pivot pin 95 so as to allow the necessary upward movement of 
the roller 38 as previously described. The pivot pin is located so as to allow 
sufficient upward and downward movement without affecting the tension in 
the drive belt 62. 

In an alternative arrangement (not shown}, the maceration 

20 assembly can be mounted in an open type swather header in which the crop 
material is deposited from the ends of drapers onto the ground between the 
drapers on the header. The macerator assembly is then mounted rearwardly 
of the header with the first roller 37 at or closely adjacent the ground so as 
to pick up the crop material as it is deposited onto the ground from the 

25 opening between the drapers. If required, the front roller 37 can be of a 
type which has brushes, flaps or ribs on the outside surface to assist in 
picking up the crop material. Such brushes, flaps or ribs are arranged 
longitudinally of the surface parallel to the axis so that the spacing of the 
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surface of the roller is Increased relative to the second 8nd third rollers. 
However the maceration action can occur between the nip of the first roller 
and the second roller due to the Increased velocity of the second roller 
relative to the first roller. 
5 One example of a machine of this type includes a 9'3 W (2.8 m) 

wide disk mower, four macerating rolls 7' (2.1 m) wide and 9" (0.23 m) 
diameter, and a pressing unit with tracks 5' (1.5 m) wide and a contact 
length between both tracks of 33" (0.84 m). The macerated forage was left 
on the stubble by one of three modes: macerated-ejected as with the 

10 machine in Figure. 10, macerated-compressed-deposited as in Figure 2 or 
macerated-deposited without compression as in Figure 2 with the 
compression device open and acting simply as a conveyor (Figure 6). 

Table 1 shows average field drying values of second cutting 
alfalfa with the large scale prototype compared to a commercial disk mower- 

15 conditioner with steel finger flail conditioning (called hereafter conventional 
conditioning). The initial moisture at mowing averaged 83%, the dry matter 
yield averaged 1.1 ton per acre (2.4 ton per hectare) and mowing was 
assumed to occur at 9 a.m.. By the end of the first day of drying (8 p.m.), 
the macerated forage was ready to harvest as wilted silage (49 to 59% 

20 moisture) whereas the conventionally conditioned forage was too wet (66% 
moisture) to put in a tower silo. By 4 p.m. on the second day, the 
macerated-deposited forage was practically ready to harvest as baled hay if 
barn ventilation or a moist hay preservative was used. Hay harvest would 
be at least one day sooner with mowing-maceration compared to 

25 conventional mowing-conditioning. 

Table 1 . Observed field drying with an intensive forage conditioning 
prototype compared to a conventional mower-conditioner. 
Values are averaged over four mowing dates. 
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10 Conventional conditioning would not allow harvesting before 

the third day of drying with the risk of rain, microbial deterioration of the 
forage and the need to further manipulate the windrow to reach appropriate 
moisture. 

Macerated forage also has a potentially higher feed value than 
15 conventionally conditioned forage. An original feeding trial was completed 
with macerated alfalfa hay and unmacerated alfalfa hay (conventionally 
conditioned with rubber rolls). Macerated hay was harvested with an 
experimental field machine of eight macerating rolls turning at a relatively 
low speed (670 and 1000 rpm for low-speed and high speed rolls 
20 respectively) without a compression unit. Twenty-four Holstein cows of 
second or greater parity were randomly assigned to receive one of two 
treatments: (1) a ration based on alfalfa hay harvested and baled 
traditionally {small rectangular bales) or (2) a ration based on 
superconditioned alfalfa hay baled traditionally. All cows received 10 kg per 
25 day of an 18% crude protein commercially produced concentrate and their 
respective hay ad libitum (without limitation on quantity) beginning their 
fourth week postpartum (after calving) until week 14 postpartum (10 weeks 
of early lactation). Cows fed conventional hay ate 14.03 kg/d and cows fed 
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superconditioned hay ate 16.11 kg/d (a 15% increase). Cows on the 
superconditioned hay ration produced 15% more milk (34.32 kg/d vs 29.93 
kg/d). Milk fat content was the same for both milks (3.39%) but milk 
protein was higher from cows eating superconditioned hay (3.27% vs 
5 3.11%). 

Although the invention has been described above in relation to 
some specific forms, it will be evident to a person skilled in the art that it 
may be modified and refined in various ways. It is therefore wished to have 
it understood that the present invention should not be limited in scope, 
10 except by the terms of the following claims. 
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WE CLAIM: 

1. A forage mowing and macerating machine comprising: 
a machine frame having ground wheels for transportation of the 

frame across the ground carrying a forage crop to be harvested; 
5 a header mounted on the machine frame having a mowing 

means across a front edge thereof for cutting a standing crop of a forage 

material and crop delivery means for transporting the cut crop laterally of 

the header to a collection area; 

and a crop macerating assembly mounted on the machine 
10 frame for receiving the cut crop from the collection area for macerating the 

cut crop; 

the macerating assembly comprising at least three roller means 
so as to define a first/second and third roller means, means mounting the 
roller means each for rotation about its own longitudinal axis with the axes 
15 parallel and the roller means axially aligned; 

said mounting means being arranged such that the first, second 
and third roller means have the axes thereof located substantially at three 
apexes of a triangle and so as to define a first nip between the first roller 
means and the second roller means, and a second nip between the second 
20 roller means and the third roller means, each nip for receiving the crop 
material passing therebetween; 

at least the second and third roller means comprising a 
generally cylindrical rigid body having a series of axially extending grooves 
therealong for engaging and grasping the crop material passing through the 
25 nips; 

and means for driving the roller means such that the first roller 
means rotates at a first speed, the second roller means rotates at a second 
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speed greater than the first speed and the third roller means rotates at a 
third speed greater than the first speed and different from the second speed. 

2. The machine according to Claim 1 wherein the third 
speed is greater than the second speed. 
5 3. The machine according to Claim 1 wherein the 

macerating assembly Includes only three roller means. 

4. The machine according to Claim 3 wherein the second 
roller means is located upwardly of and rearwardly of the first roller means 
such that the first nip defines a feed direction which is inclined rearwardly 

10 and downwardly and such that the second nip defines a feed direction 
which is inclined rearwardly and upwardly. 

5. The machine according to Claim 1 wherein each of the 
roller means of the macerating assembly has grooves therein. 

6. The machine according to Claim 1 wherein the grooves 
15 of the roller means are triangular in cross-section converging to an apex at 

an outermost edge thereof. 

7. The machine according to Claim 1 wherein the roller 
means are spaced such that the grooves do not intermesh at the nips. 

8. The machine according to claim 1 wherein at least the 
20 second and third roller means of the macerating assembly are driven at a 

speed greater than 1000 rpm. 

9. The machine according to Claim 4 including a guide 
surface mounted on the machine frame rearwardly and upwardly of the 
maceration assembly for receiving crop from the second nip thereof and for 

25 guiding the crop rearwardly and downwardly to the ground to form a swath 
thereon. 

10. The machine according to Claim 9 wherein the guide 
surface includes a plurality of downwardly extending fins for guiding the 
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crop material as the crop material moves rearwardly, the fins being arranged 
at an angle to the longitudinal direction to move the crop material 
transversely to form the swath. 

1 1 . The machine according to Claim 1 wherein the first and 
third roller means are arranged at a spacing approximately equal to the 
spacing of the first and second nips so that the greater speed of rotation of 
the third roller means prevents crop material from passing between the first 
and third roller means. 
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Fig. 4 
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Fig. 5 
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Fig. 6 
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Fig. 9a 



Fig. 9b 



Fig. 9c 
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